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HIGH-SPEED WIND-TUNNEL TESTS OF THE
NACA 23012 AND 23012-64 AIRFOILS =~ —~

By John V. Becker
SUMMARY

Force tests of the NACA 23012 and 23012-64 airfolls
of 24-inch cherd were made in the 8-foot high-speed wind
tunnel at Mach numbers ranging from C.10 to 0.75. Sup-
Plementary tests of a S5-inch-chord NACA 23012 airfoil were
made in the 24-~inch high-epeed tunnel to obtain pitching-
moment data at higher loadings than could be attained with
the B-foot tunnel models.

The results, which were corrected as far as possible
fsr tunnel-wall effects, show the varlation with Mach num-
bsr of 1ift, drag, and pitching-moment coefficlents at
ansgles of attack from -1% to 6°. At positive 1ifts the
NACA 23012-64 airfoil had slightly higner critical speeds
than the ¥ACA 23012 airfoll. At the higher angles of at-
tack ian the supercritical speed reglon, large lncreases
in the magrnitude of the pitchirng-moment coeffliclent occ-
curred.

ITRODTCTICN

Force tests of 24~inch~-chord NACA 23012 and 23012-64
alrfolls were made in the 8-foot high-speed wind tunnel
in 1237. The results were not published owlng to a lack
of knowledge of the tunnel-wall interference effects on
large models extending through the tunnel walls. Since
that time a separate investigation (unpublished) has indi-
cated the rature of these effects and has establlished cor-
rections for some of them. Although all correctlons af-
fecting the abeolate magnitude of the results are not
knovn, the corrections that vary with speed are belleved
to be falrly well understood. The corrected results may
therefore be conslidered adequate for 1ndicating the prin-
cipal effects of compresaibility. 1In view of numerous
requests for compressibility-effect data on the WACA 230
serles of airfolls, it has been decided to lssue these
partly corrected results with a clear statement of their
limitations.




In order to obtain data aprlicadle to the high-speed
dive pull-out condltion it was necessary to make supple-
mentary tests on a 5-inch~chord NACA 23012 airfoil in the
24—inch kigh—-speed wind tunnel. These tests were made in
1340,

APPARATUS

Tae B-foot and the 24-inch highk-speed wirnd tunnels
are described in references 1 ard 2, respectively.

A descrivtion of the NACA 230 series of alrfoil sec-
tiors 1s given iIn reference 3. The proIile ordinates of
the NACA 2301C anad 23012-64 sections are shown in table I.

Tne 24-inch-zhord models were constructed of wood
and sheathed with 1/16—1Lch'steal'p1ate to prevent erosion
at high sreeds. Thae WACA 23012 air-foil was completely
covered with the metsl plate. Tue NACA 23012-64 airfoil
was covered over only tie forward 31 percent; the remasin-
ing surface was stray-cvaicted. The surfaces were made
aerodynamicaily; smooth. It wes Iwizpossible, horever, to
eliminate slight waves in the metal sheathing at the
points of attachment %o the wood. It is also comnsidered
poesible that the spenwise wood-metal junctures on the
NuCh 232012-64 model may have struag sligktly at the kigher
loedings. This method of airfoll constructiorn has been
found t2 te gernerally unsatisfactory.

The 5-inch-caocrd NACA 23012 model tested in the 24-
inck tunnel wuas made from so0lid duralumnin and was both
aerodynamicaliy szcotn and fair.

In both mind tunrnels the modeis completely spanned
.the jet and passed through the walls to the balance at-
tackments (fig. 1). Tne gap betveeén the models and the
wall was rot uniform and variedc siightly with angls of
attack. Average 7values for the width of the gap are 3/16
inch anl Efsi ircl for the 8-foot and the 24-inch tumnnels,
resrecitlively. Ls slkown in figure 1,the 8-foot tunnel has
flat sarfaces or eltker side. Flat clrcular rotating end
piates attacned to tke .turmel valls move with tke airfoil
woen tne gerngle of attackx is changed. 1In the 24-inch
tusnel, flexiole brass end plates that preserve the cir-
cular section of-the tunnel-were used.: '
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TESTS

The tests consisted of the measurement of 11ift, drag,
and pitching moment. At constant angles of attack (a)
tne speed was increased as far as possible, the highest
speed ‘attained at a given angle being limited elther Dby
the maximum allowable load (in the case of the models of

* 24—inch chord) or by the maximum attainable tunnel speed.

Angles 6f attack ranging from -4° to 6° were covered.
The 24—1qchfchord models were also tested tarough the
stall at #peeds ranging from 75 to 170 miles per hour to

.permit comparison with variable-density-tunnel resvlts

obtained at the samre test Reynolds numbers.

As a check of the critical speed indicated Dby the
force test at a = 0°, the variation with Mach number of
the totel pressure at a point 1/8 inch above the surface
at the 75-percent~chord station of the 5-inch-chord model
wos measured.

ITIYNTL~-FALL EFYTECTIS

Constrictlon effect.- The use of models of large
slze rolative to tke tunnel diameter results in a jet
voloclty at the airfoil appreciably higher than would
exlst if the flow were not restrained by the tunnel walls.
The magnitude of this effect was determined in a serarate
investigation of tunnel-wall effects on NACA 0012 airfoils
in the &~foot tunnel by comparing the chordwise static-
pressure distribution with the distributlon given by po-
tential theory, which had been verified in tests 1an the
full-scele tunnel. 1In addition, a spanwlse static-pressure
survey at the lO~percent-chord locatlon was made at various
lift coefficlents. It was found that, within the limits of
accuracy required for engineering purroses, the wing could
be aseumed to be operating in a uniform alr stream with a
veloclty greater than thet 4ndicated by the standard tunnel
calibration.

At low MKach ‘numbers the nagnitude of this congtriction
effect agreed satisfactorily with the results computed by
Glauert (reference 4) for incompressible flow. The effect
lncreases with Yach number. The air speed, V, the Mach
numbder, M, the Reynolds number, R, and the dynamic
pressure, q, obtalned from the standard tunnel calibra-
tlon in the present tests were corrected by use of the
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factors determined from the tests of the NACA 0012 air-
folls. The force and the pitching-moment coefficlents
employed in presenting the resgsults are based omn the cor-

rected dynamic pressure, -%—p Va. where the values of p
and V are corrected for the conetriction effect.

Indvced curvature of the flow.- As a further conse-
quence of tne employment of alrfoils of large ratlo of
the airfoll ckhord to the aversge depth of the tunmnel,
c/bB, 4t is shown in referencée 4 that the lift and the
Pltching-moment coefficlients are differert from the cor-
responding values for unrestricted two-dimensional flow.
This effect results from an induéed curvature of the flovw.
The validity of the theoretical ¢orrection factors derived
in reference 4 was satisfactorily established by the pre-
viously mentioned unpubdlished tunnel-wall-effect investiga-
tlon in the B-~foot high-speed tunnel by comparing the re-
stlts obtained on 15-inch-cliord azd the 60~inck-chord NACA
0012 airfoiis. The correction to the 1ift - is given by

(2]

L - 1 - 2 (E,a
th 24 “hv

where CL i1s tae 1l1ft coefficient and the subscript ¢t

refers to turnel values. The pite¢kicg~noment correction
is obtained from

. N\ 2 g
- 1 (c
cmc/4 (cmc/q/t * 192 \b/’ cI.t

mhe results presented 1n this rerort have been corrected
accordizg to these relations. )

Eand leakege effects.- The force-test resvlts corract-
ed for tke comstriction ard the 1anduced-curvature effecis
would De expected to exkibit infinite-aspect-ratio or sec-
tion caaracteristice were it rot for the interferemnce
effects at eltLer side of tihe model that res:lt mairly
from the leakxage of air through the clearance space be-
tween tue model and the tunnei wall. In order to indicate
the approximate magnitude of these effecta, the results of
the NACA 23012 airfoil for = 0.23 are cgompared in fig-
are 2 with corrected section characteristics obtained from
tests in the variablerdenaity tunnel (reference 5) at
about the same test Reynolds anumber. The low-speed section
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11f% and the pitching-moment ccefficients of %the variable—
density- turnel were multiplied by the factor (1 - ¥3)~
(see reference 2) to obtair resulta approprimte to the
Mach aumber at which the 8-foot high-speed tunnel tests.

were run.. The value of this factor was 1.027, corresgond:r

1ng to the Mach number 0 23 of tke high-speed tunnel tests.

It is evident from *1gure 2 that the 11ft and the
piteking-moment values are inapprecisbly affected by the
end-leaxage effects at angles of attack below 8°. The
drag, however, was greatly increased. At angles of attack
higher than B8°2 an abdrupt breakdown of the flox occurred,
apparently as a resuit of the end leakage. This effect
was found to occur at an argle of attack of 8° for varioms

"Mach numbers ranglng from C. 10 to 0.23, the higheat speed

at which angles greater than 8° were attained. Similar
results were obtained witk the NACA 23012-64 airfoll. On
accovnt of the large magnitude of this effect and the lack
of unﬁerntandi_g of tke factors involved, the data presented
in this rerort extend only to ar angle of attack of 6° In
this range the corrected 1ift -and the pitching-momsnt val—
ues may be taxern as spproximate seciion cheracteristics,

but the drag coefficients include large unknown increments
due to end inter*erenee. .

The investigatien of tunnei-wall effect of the NACA
CJ12 airfoil included.a numter of runs through the speed
range wlth various end-gap clearances. It was found that,
although the absolute magnitude.of the drag coefficilent
increased with gapr sigé, tke variation with Mach number
vas esseentially-the same for all gap sizses. It may be
assamed, tkerefore, that -the results for any gap slse are
uvseful 1n ahoving chénges with Mech numher of tle drag
coefficlent.

EESULTS AND DISCUSSION

‘Drag.- The variation with Yach number of. the drag
coefficients obtained with the 24-inch-chord modsle' is

.shown in figure 3. The cause of the large drag increases

at the higher Mach numbers is due to the formatlon of. a
compreesion ghock at. critical air speeds at which the ve-
locity of sound is attained locally on the airfoil. De-
talled-discnesion of -this. Phenomenon le given in reference

- 2., Briefly, the critical air speed ia deperdent on any

factor that affects the peak 1oca1 velocity, particularly
the angle of attack, the thickness, the thickness distridu-
tion, and the camber,



The NACA 23012-64 alrfoil (fig. 3{b)) was inciuded
in this investigation on the basis of previous tests of
symmetrical airfoils (reference 5), which indicated that
the 4J0~percent—chord location of tre maximum-thlckness
statlon resulted in a nigher critical gspeed than the other
distridbutions tested. A more rational method of predic-
tion of critical speed characteristics based on static-
pressare~distribution data is discussed in refereace 7.
Some increase in criticel speed over the NACA 23012 air-
foill is indicated for the Nafa 23012-64 alrfoll at posi-
tive lifts. it negative lifts, however, the FACA 23012-64
airfoll develops highe- local velocities near the nose on
the lower surface than tke YaCA 23012 ard should, therefors,
have the lower critical speed. The critical speeds esti-
aated fror reference 7 are indicated iIn figure 3 by arrow-
heads. It 1is seen that the llach numbers at which the drag
coefficients tegin to increase rapildly agree reasorably
well with the predictions based on the pressure-distridbution
data. The critical speeds indicated by the 5-inch-chord
force~test results (no%t shown) agreed satisfactorily with
the 24-inch-ckord resmits. The totel-pressure tube locat-
ed at the 75-percert-~chord statior of the NACA 23012 air-
foil snowed raridly increasing losses at Mach numbers above
0.645. The critical Meck number predicted from the static-
pressure data at a = 0° was 0.36.

The variation with Mach number of the drag coefficiernt
at subecritical speeds is a consequence of both scale and
cormpressitility effects. On smooth models in air streams
of low turbulerce such as that of the 8-foot high-speed
wind tunnel, the variation with Reynolds number of the
location of ooundary-layer trarsition is an important fac-
tor in determining the scale effect and should bs consid-
ered in any attemt to isolate the compressibility effect
at subcritical speeds. Data on the transition-point loca-
tions or both surfaces of the NACA 22012 airfoil in the
8-foot higa~speed tunnel are availabdle in reference 8.

Lift.- The .variation with Mach numbder of the 1ift
coefficients obtained in tne 8-foot high-speed tunnel 1is
shown in figure 4. Tines rate cf increase with Mach number
at suberiticsl speeds was somewhat greauer than the factor

(1 = M%) -3 ngually used to estimate the incresse. This
factor strictly aprlies only to airfolls of very smell
thicknsese~-chord ratios and would be expected to underesti-
mate thre actual rate of 1ift increase on l2-percent-thick
airfoiis. The rate of increase of 1ift coefficient with
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Mach number shown in references 2 and 6 for 5-inch and 2-

.inch~chord models wes less than notad in the present tests

and more neariy agreed with the (1 ~ 2} 2 factor. These
differences may be attributadle to the fact that the
Reynolds numbders in the present invegtigation were much
greater than in the reference tests.,

Tae changes 1n l1ift coefflclent that occur at super~
critical speeds depend on ‘the location and the intensity
of the compreselon shock. ZEither an increase or a de-
crease in 1ift coefficlent, corresponding to formation of
the snock on the lower or the upper surfaces, might be
expected. At small angles of attack where shocks form on
both upper and lower surfaces at about the same ¥ach mm-
ber, no appreciadble 1ift changes might be anticipated.
This situation evidently existed for the airfolls tested
at 0° and -1° angle of attack (fig. 4). it the higher
angles of attack the shock forms near the nose o:x the
upper surface and a loss of 1ift coefficlient (fig. 4(a),
a = 6°) ig usually noted. (See references 2 ard 7.) The
decreases in .1ift coefficient generally start to occur at
Mach numbsrs about 0.05 to 0.10 beyond the estimated crit-
1cal speeds. The lift-coefficlent decreases, in most
cases, are not large enough to cause actual decresses in
1lift with increasing speed. Changes in 11ift distridution
acroes the wing spsr due to posslble varlatilons in criti-
cal speed along the span showld, however, be considered
in structural design.

Piltching momsent.~ The NuCh 23012 pitching-moment co-
efficlerts obtalned in both wind tunnels are skowr in fig-
ure 5(a). =®or the angles of attack at which direct com-
parison is possidle (0° and 4°), a satiefactory sgreement
between the results for the two turnels will be noted.

The NACA 23012-64 results are givern in figure 5(b).

The variatlon in pltching-moment coefficient at sub-
eritical speede was negligibly small for these low-moment
alrfoiis.

Changes 1n pitching-momernt coefficient oceccurring at
supercrlitical speeds are governed by the same factors
that affect the 1ift, that i1es, the location ard the inten-
8ity of the compression shock. At the higher angles of
attack, large increases in the negative value of the
pltching-moment coefficient occurred. These increased
pltchinzg~moment coefficients could be realized in flight




in pull—outs.Lrom high-speed dives and should be accounted
for in the atrLctural deaign of pu's“it alrcraft.

CONCLUDING REMARKS

The critical speeds at which.large ircreases in drsag
coefficlent occurread were slightly higher for the. NACA
23012~54 airfoil thar for the FAC4 23012 alrfoil, when
comparsd ‘elther at & given angle of attack or at a given
11ft coefficient in the positive 1ift regioan. 4t gzero -
and negative lifts, the NACA 23012 alrfoil nas the higher
critical speeds. The indicated critical speeds were 1in
fair-agreemeat with thoae predicted from thes theoretical
pressure peaxs.

At the higher engles of attack 1In the supercritical
resion f{conditions correcponding to a sharp pull-out from
a hlgh-speed diva). large incredses in the pitohing-
moment cosfficlent and a decrease in 1ift- coefficient
occurred,

Lazgley Memorial Aeromautical ILaboratory,
‘Natfional Advisory Gommittee for Aeronautics,
Langiey Tield, Va.
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TABLE I - AIRFOIL ORDINATES

[statione and ordinates in percent of wing chord]

Sl PRI TS P D AR AL, A el e -

NACA 23012

NaCh 23012-64

w——E;;Qr —Z;;er Urrer Lower
Station surface surfacse surface surface
o PN DS S 0
l1.25 2.07 -1.23 2.53 -1.20
2.5 3.61 -1.71 3.41 -1.61
5 4.91 -2.25 4.59 ~-2.00
7.5 5.80 -2.61 5.41 ~2.27
10 3.43 -2.92 6.C0 -2.50
15 7.19 -3.50 5.70 -3.02
20 l 7.50 -3.97 7.04 ~3.55
25 | 7.0 -4.28 7.23 ~3.96
30 ! 7.55 .=4.46 7.37 -4.29
40 7.14 -4.48 7.32 -4.566
50 5.41 -4,17 5.93 -4.70
60 5.47 -3.87 6.21 -4.42
70 E 4.36 -3.0C 5.17 -3.79
eo | 3.08 -2.16 3.78 ~2.86
S0 : 1.68 -1.23 2.09 -1.63
95 ; .92 -.70 1.15 -.90
10 ! .13 -.13 .12 -.12
L —:Eng elge radlus: 1.58. Siope of
redinsg tarough exd of ckord: O0.205
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Figure 2.- Comparison of results from the 8-foot high-speed and
variable-density wind-tunnels to show magnitude of
interference effect due to end leakage in 8-foot high-speed tunnel.
M, 0.23 ; R, 3.150,000. NACA 23012 airfoil.

Figare 1.- The 24-inch NACA 23012-64 airfoil méunted in the
8-foot high-speed wind tunnel.
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